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Introduction
Mechanisms of selective attention help us to focus on information of behavioural relevance from the stream of incoming information from our senses. Attention research distinguishes between reflexive (exogenous) and voluntary (endogenous) orienting of attention and a commonly used paradigm to investigate these types of attention was developed by Posner (1980) . Typically in such a cue-target paradigm endogenous attention would be induced by an informative central cue indicating the most likely location for an upcoming peripheral target. Endogenous orienting generally leads to enhanced processing for targets at attended locations with facilitation of response times (RTs) (e.g., Müller & Rabbitt, 1989; Cohen, Bolanowski, & Verrillo, 2005) . Exogenous orienting in a Posner paradigm would be induced by presenting non-informative peripheral cues. That is, a cue to the left or right will not give any indication of where the target is likely to appear. Although the cue in an exogenous paradigm is instructed to be ignored, it may have an effect on target processing, both by facilitation as well as inhibition (Miles, Poliakoff, & Brown, 2008) . That is, when the target appears at the same side as the cue it can facilitate response times (e.g., Spence & McGlone, 2001 ) but also inhibit response times, known as inhibition of return (IOR; Klein, 2000; Posner & Cohen, 1984) . IOR, a phenomenon which is slowed responses to previously cued locations compared to novel locations, is demonstrated when there is a longer stimulus onset asynchrony (SOA) between cue and target (approximately 300 ms in vision). The most popular conceptualization of the IOR effect is the reorienting hypothesis (e.g., Posner et al., 1985) . This suggests attention is first drawn towards a stimulus. Once attention is disengaged IOR acts as a mechanism inhibiting attention to return to previously explored location, and thereby saving attentional resources (although see Berlucchi, 2006, and Lupianez, 2010 
for a review of alternative views on what mechanisms underlie IOR).
Everyday situations often require activating and combining both endogenous and exogenous attention.
For example, when driving, our endogenous attention is focused upon the road ahead, whilst we still need to be able to process unexpected events such as an approaching car from another direction, in other words, also be receptive to exogenous stimuli. Although the majority of studies have considered endogenous and exogenous attention in isolation, some studies have investigated how these two mechanisms are related. (Berger et al., 2005; van der Lubbe & Postma, 2005; Müller & Rabbitt, 1989; Theeuwes, 1991; Yantis & Jonides, 1990) . Much of this research has explored the effects of how exogenous stimuli can capture our attention when endogenous attention is focused elsewhere. There has been empirical support for both the view that exogenous stimuli has an impact when our attention is otherwise engaged (e.g. van der Lubbe & Postma, 2005) and the contrary suggesting stimuli outside the focus of attention does not attract attention (Yantis & Jonides, 1990; Theeuwes, 1991) .
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In a series of experiments, using a range of SOAs, Berger et al, (2005) aimed to further establish whether endogenous and exogenous attention mechanisms are separate or if they interact. Berger and colleagues employed a 'double-cueing paradigm' where endogenous and exogenous attention are manipulated (cued) in the same trial. In three experiments they also found faster RTs for endogenous attended compared to unattended trials. Moreover, they demonstrated effects of exogenous cueing.
There was facilitation for exogenously cued compared to uncued targets at short SOAs (0 ms, 100 ms). At longer SOA (750 ms) the pattern was reversed and exogenously cued targets resulted in IOR.
Importantly, they found no interaction between endogenous and exogenous attention, even though at long SOA the two mechanisms accounted for opposite effects. In other words, the effect of exogenous attention (e.g., IOR at long SOA) was the same regardless of whether the target appeared at an endogenously attended or unattended location. This indicated that exogenous and endogenous attention mechanisms can independently have effects upon behaviour without interacting. To investigate whether endogenous and exogenous attention interact during more demanding conditions, Berger and colleagues increased the task difficulty and participants performed target discrimination rather than simple target detection. In this fourth experiment they found an interaction between endogenous and exogenous attention but only at intermediate SOA (300 ms), there was still main effects of exogenous and endogenous facilitation at earlier SOAs (100 ms and 200 ms). The interaction consisted of an effect of exogenous facilitation when targets were endogenously attended compared to no exogenous effect for endogenously unattended stimuli. Based on their series of experiments Berger et al. (2005) proposed that "… endogenous and exogenous orienting are separate mechanisms that, under low task demand, can lead to independent orienting effects, even under conditions when they contradict each other. Increasing task demands leads to an interaction between the mechanisms as they compete for shared resources" (p. 219).
Evidence that endogenous and exogenous attention are mechanisms operating separately also comes from neuroimaging studies. For example, in a double-cueing paradigm study with endogenous and exogenous cues in the same trial, Natale, Marzi, Girelli, Pavone, and Pollmann (2006) demonstrated faster RTs for exogenous cued compared to uncued targets. They concurrently measured fMRI activation and found the ventral fronto-parietal (vFP) areas to be activated in relation to unattended endogenous targets whilst the exogenous cues did not modulate this activity. Although the neural correlates of exogenous and endogenous attention and how they interact are not fully established, the activation of different brain areas suggest some segregation between the orienting systems in vision (see Corbetta & Shulman, 2002; and Macaluso, 2010 , for reviews of the neural correlates of endogenous and exogenous attention).
While the majority of experimental studies on spatial attention have been conducted in the visual modality, comparably few studies have investigated tactile attentional selection (see Johansen-Berg & Lloyd, 2000; and Spence & Gallace, 2007 , for reviews of tactile attention studies). Furthermore, most studies investigating tactile attention have not controlled for visual orienting effects on tactile processing. A number of tactile attention studies have used visual cues to direct attention to tactile targets (Chica et al., 2007; Forster & Eimer, 2005; Posner, 1978; Spence, Pavani, & Driver, 2000) inducing crossmodal orienting effects (Chica et al., 2007; Mondor & Amirault, 1998; Turatto, Benso, Galfano, & Umilta, 2002) , while in other studies (e.g., Cohen et al., 2005; Lloyd et al., 1999) participants moved their eyes to the tactile target location inducing visual overt orienting effects (Rorden, Greene, Sasine, & Baylis, 2002) . Other cross-modal paradigms have investigated the automaticity of exogenous tactile stimuli by varying visual perceptual load. For example, Santangelo and Spence (2007) showed that increasing the visual perceptual load in a central task led to reduced influence of peripheral tactile stimuli. Thus, suggesting a higher focused state in a visual task leads to filtering out irrelevant tactile stimuli. Similar findings have also recently been demonstrated using EEG whereby the neural correlates of exogenous tactile stimuli were attenuated during visual engagement (Jones & Forster, in press ). To understand the operations of tactile attentional mechanisms and to clarify whether attentional mechanisms are modality specific or operate in the same fashion across modalities, tactile attention studies employing modality specific paradigms (e.g., employing tactile cues and targets) and excluding engagement of other modalities (e.g., vision) are required. Endogenous and exogenous attention has been researched with purely tactile cues and targets and IOR has been demonstrated in touch (Cohen, et al., 2005; Lloyd et al., 1999; Poliakoff et al., 2002; Röder, Spence, & Rösler, 2002; Röder, Spence, & Rösler, 2000 , Jones & Forster, 2012 .
However, different to vision, no early facilitation period has, to the authors' knowledge, been demonstrated using simple target detection. Lloyd et al (1999) demonstrated IOR at a SOA as short as 100 ms. Tactile discrimination tasks however, show a similar behavioural pattern to what is demonstrated in vision. In vision, a biphasic early facilitation and late IOR is present also when discriminating between targets but IOR occurs later compared to in a detection task, around 500-600 ms SOA (Lupianez et al., 1997) . Investigating the tactile modality, Miles and colleagues used a task where participants ignored exogenous tactile cues and discriminated between high and low frequency vibration targets (Miles et al., 2008; Brown et al., 2010) . They found, similarly to the behavioural pattern in vision, facilitation at early SOAs (150 and 350 ms), no effect at intermediate (550 ms), and IOR at longer cue-target interval (1000 ms). Exogenous cueing in vision and touch have thus shown both similar (discrimination task) as well as different (detection task) behavioural patterns.
Several studies using visual stimuli have suggested that exogenous and endogenous mechanisms operate independently. However, it is not clear whether the same is true for the tactile sense. Touch is qualitatively different from other modalities in that it is a proximal sense, making it more difficult to "shut out" exogenous stimuli. If however, endogenous and exogenous attention behave similarly in the tactile modality then this would argue in favour of a more supramodal account of attention (Farah, Wong, Monheit, & Morrow, 1989) . To our knowledge, the interaction of endogenous and exogenous attention has not been investigated using a double cueing paradigm were both types of orienting are manipulated in the same trial. Moreover, we aimed to explore whether endogenous attention influenced exogenous facilitation and IOR differently. It has recently been suggested that IOR is not synonymous with exogenous attention (Fuchs & Ansorge, 2012) . That is, increasing amount of research suggests IOR cannot be explained using an attention account, and thus, not an exogenous attention phenomenon (see Lupianez, 2010 , for a review on this issue). By manipulating endogenous and exogenous attention in the same trial we aimed to test whether endogenous attention influenced exogenous facilitation and/or IOR, and whether IOR and exogenous attention should be viewed as two sides of the same coin or as separate mechanisms. To induce endogenous attention we used bilateral tactile cues directing attention to the left or right. Prior to the target, an exogenous tap appeared either to the same or opposite side as the target. Based upon Miles and colleagues (Brown et al., 2010; Miles et al., 2008) , who demonstrated that tactile discrimination tasks show facilitation at short SOAs (see also Spence & McGlone, 2001 ) and IOR at longer SOAs, we used a range of SOA with the aim to elicit both effects and potentially an interaction (see Berger et al., 2005) . Taken together, the study objectives were firstly, to establish whether exogenous and endogenous attention interacts or independent mechanisms in touch. Secondly we were interested in investigating whether endogenous attention affected exogenous facilitation and IOR similarly which would shed light upon whether IOR is an attentional phenomenon. Specifically we predicted endogenous facilitation of response times. The pattern of exogenous results expected was facilitation for short SOA and IOR for the long SOA, and an interaction at intermediate SOA (550 ms and 850 ms). Moreover, if IOR is independent from exogenous orienting then we would expect IOR to be unaffected by the focus of endogenous attention whilst exogenous facilitation may still be influenced.
Methods

Participants
Data were collected from fourteen paid participants in Experiment 1 (7 male and 7 female), and fourteen paid participants in Experiment 2 (6 male and 8 female), all of whom were right-handed and naïve to the purpose of this study. Participants' age ranged from 20 to 42 years old, with a mean age of 25.3 years old. The experiment lasted approximately 60 minutes and all participants provided written informed consent.
Stimuli and materials
The apparatus and materials were identical in Experiment 1 and 2. Participants were seated in a sound attenuated room which was controlled for light, sound, and temperature. Tactile stimuli were presented using 12-V solenoids (5 mm in diameter), to the finger pad of the middle fingers and thumbs. The solenoids were set into two wooden cubes (63mm x 50mm), each with two tactile Verbal responses were made into a centrally located microphone which recorded responses and RTs were logged using E-Prime. White noise (58 dB SPL) was continuously present through two speakers, each located in a direct line behind each cube, to mask any sounds made by the tactile stimulators. A black cloth was used to cover the participant's hands to deprive all visual information of the stimulated body location. Stimuli were presented and recorded using E-Prime. Participants were monitored via a video camera throughout the experiments for any head movements. As the microphone and recording system did not discriminate between different sounds, an intercom system was used so the experimenter could hear the participants responses, and in turn code up or down on a keyboard in the adjacent room.
Design and procedure
The design and procedure were identical in Experiment 1 and 2 with the exception that in Experiment 1, the SOA between exogenous cue and target was 250 ms and 850 ms, and in Experiment 2, 550 ms Each trial started with one of two vibrations to all four stimulators indicating to which side the participant was to focus their endogenous attention. The endogenous cue was presented bilaterally.
Participants' were instructed to focus their covert attention to the side indicated by the bilateral cue whilst fixating their gaze upon a centrally located cross. Following the off-set of the endogenous cue there was an inter-stimulus interval of 500 ms before the presentation of the unilateral exogenous cue (see Figure 1) . The participant was informed that this exogenous cue (or distractor) was to be ignored and appeared at random, equally often to the right and left. Following the off-set of the exogenous cue there was a varied inter-stimulus interval of 200, 500, 800, or 1300 ms prior to the presentation of the target. The participant made a vocal discrimination, saying up if the target stimulus appeared to either middle finger, and down if the target was presented to either thumb. Via an intercom system, the experimenter then coded their response on a keyboard in the adjacent room. Following the experimenters key-press, there was a random inter-trial interval between a minimum of 500 ms and maximum of 2500 ms before the next trial started.
Results
The data from Experiment 1 and 2 were analysed using separate repeated-measures ANOVAs (a separate ANOVA was performed for each experiment as different participants completed Experiment 1 and 2). The factors included in the statistical analysis were Endogenous attention (attended, unattended), Exogenous attention (cued, uncued) and SOA (250 ms and 850 ms in Experiment 1; 550 ms and 1350 ms in Experiment 2). The SOA factor only refers to the time interval between exogenous cue and target. The time interval between endogenous and exogenous cue onset was always constant (802 ms, see Figure 1 ). Prior to analysis of main effects an error analysis was performed. Errors where participants did not respond were excluded. These errors were likely due to the microphone not recording a response. In Experiment 1 (SOA of 250 ms and 850 ms) less than 1% of trials were due to no responses and 2% of trials across all participants in Experiment 2 (SOA of 550 ms and 1350 ms).
Further, discrimination errors, (e.g., participants responded up to a target presented to their thumb)
accounted for less than 4% of trials across all participants in Experiment 1, and less than 6% in Experiment 2. RTs which were too slow or too fast were also filtered out. endogenous and exogenous cues was always constant (see Figure 1) . Endogenous orienting to attended targets was significantly faster compared to unattended targets (**p<.001). There was a significant difference (*p<.05)
between Exogenous cued and uncued trials, but only for SOA of 250 ms. Note: The SOA (stimulus onset asynchrony) refers to interval between endogenous and exogenous cue onset. Endo. = Endogenous, Exo. = Exogenous.
There were significant main effects of SOA and Endogenous orienting in both Experiment 1 and 2. In 
Discussion
The aims of the study were to firstly investigate the effects of endogenous and exogenous orienting in touch and if they interact or are separate mechanisms. Secondly we aimed to test whether endogenous attention affects exogenous facilitation and IOR similarly. The results demonstrated that bilateral cues induce endogenous orienting and facilitate RTs at the attended location. The endogenous facilitation effect was present at all SOAs between exogenous cue and target (250, 550, 850, & 1350 ms; see Figure 2 and Table 1 ) demonstrating a robust endogenous cueing effect over 2 seconds. However, the exogenous cue only influenced RTs when the SOA was short (250 ms). Moreover, there was no interaction between endogenous and exogenous attention effects suggesting these are separate mechanisms. In other words, the effect of exogenous attention seen at the 250 ms SOA condition was the same regardless if the target appeared at the endogenously attended or unattended location. At longer SOAs there was no effect of exogenous orienting, in particular no IOR. This suggests that endogenous attention does not have the same influence on exogenous facilitation and IOR, which supports recent claims that IOR and exogenous attention are separate mechanisms (e.g. Lupianez, 2010) . Our results favour a supramodal account of attention, however, this supramodal account applies only to attentional effects of facilitation, and not IOR.
The lack of interaction between endogenous and exogenous attention is partly in line with a similar double cueing study using visual stimuli (see also van der Lubbe & Postma, 2005) . Similar to the present results, Berger et al. (2005) found that endogenous orienting facilitated RTs at attended locations. Moreover, when there was a short SOA (100 ms) between the exogenous cue and target there was facilitation of exogenously cued targets. At longer SOA the participants' demonstrated IOR, with longer RTs for cued compared to uncued trials. Our results are only partly in line with Berger et al.'s (2005) findings as we did not demonstrate IOR effects at longer SOAs (this was surprising as previous tactile discrimination studies, investigating only exogenous attention, have found the biphasic pattern with early facilitation and late IOR effects, e.g., Miles et al, 2008) . Moreover, Berger and colleagues proposed that a discrimination task increases task demands such that endogenous and exogenous attention interacts. However, it is possible that the discrimination task in the present study was not difficult enough to require endogenous and exogenous attention to interact. This simplicity may be indicated by the fact that the error rates were rather low, amounting to on average 5% of all trials. This is in line with the suggestion made by Berger et al. that when the task is simple (detection task in their study) the attentional resources are not exhausted and the two modes of orienting occur in separation, and they interfere only when task demands are higher. In other words, it is possible that the present tactile discrimination task was too simple to elicit any interaction between endogenous and exogenous attention.
Conversely, there was no indication that the longer SOAs elicited IOR. In contrast to the hypothesis that the lack of interaction between endogenous and exogenous attention effects was a result of the task being too easy, it has been suggested that easier discrimination tasks allows for more IOR (Cheal & Chastain, 1999) . Moreover, the absence of IOR influences at the longer SOA contrasts recent tactile discrimination studies of exogenous attention. Brown and colleagues (Brown et al., 2010; Miles et al., 2008 ) demonstrated facilitation at early SOAs (150 ms and 350 ms), no difference at 540 ms, and IOR at 1000 ms. The 1350 ms SOA between exogenous cue and target was well within the time range previously demonstrated to elicit IOR in an exogenous discrimination task. Several possible hypotheses could account for the lack of IOR effect. It could be that endogenously orienting towards a tactile location eliminates and masks any IOR. This would contrast Berger et al.'s (2005) conclusion that IOR is inexorable and not affected by endogenous attention. It may also be possible that endogenously attending delays the development of IOR beyond the longest SOA measured in the present study. In other words, in previous tactile exogenous discrimination tasks the IOR develops at around 1000 ms post cue onset (Brown et al., 2010; Miles et al., 2008) . By including endogenous orienting in the task the additional attention resources required may delay the onset of IOR even further, however, this seems unlikely. A third possibility may be that endogenous attention is completely re-oriented during the time window between exogenous cue and target. Thus, the attention is initially drawn towards the exogenous cue. When the SOA is short (250 ms) there is not sufficient time for the endogenous attention to fully re-orient back to the attended location. This in turn leads to an effect of exogenous attention. At longer SOAs, the irrelevant cue may initially attract attention away from the endogenously attended location. However, there is sufficient time to fully re-orient covert endogenous attention back to the endogenously attended location, and eliminating any effects of exogenous attention. The pattern of exogenous results also sheds light on the relationship between IOR and exogenous attention. IOR has often been taken as a measure of exogenous attention.
However, recent studies have suggested that IOR is not synonymous with exogenous attention (Fuchs & Ansorge, 2012) . The fact that we find only effects of exogenous facilitation and not IOR further supports this notion that IOR may be a separate mechanism to exogenous attention.
In summary, our results suggest that endogenous and exogenous tactile attention are independent mechanisms, similar to what has been demonstrated in vision (e.g., Lupianez et al 2004 , Berger et al, 2005 ). However, unlike previous studies of exogenous tactile attention we did not demonstrate effects of IOR at longer SOAs (e.g., Brown et al., 2010; Miles et al., 2008) . This suggests that exogenous attention and IOR are not two sides of the same coin. All in all, the results are in line with a supramodal account of attention, however, this account does not extend to IOR.
